the waveguide.' It has recently been shown that this nonlinearity can have a relaxation time as low as 18 ps? A knowledge of the physics of bandfilling nonlinearities allowed an optimised design process to be carried out to ensure low power operation. The waveguide used was a 2-mm p-i-n ridge waveguide with an intrinsic waveguide layer region of 0.4-pm-thick InGaAsP (Q = 1.2), which contained 12 X 7.5-nm InGaAsP (Q = 1.55) quantum wells separated by 12-nm InGaAsP (Q = 1.2) barriers giving a band gap of 1.466 pm. The ridge width was 3 +m, etched to a depth of 0.9 pm. The loss of the waveguide as 10 cm-', with a coupling loss of 9.5 dB. The experimental setup is shown in Fig. 1 . The pump source was a three contact InGaAsP DFB semiconductor laser emitting at a wavelength of 1.532 km driven under modified Q-switched operation in order to produce 30 ps optical pulses with peak powers of 100 mW4 with a repitition rate of 2.0 MHz.
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The optical pulses were amplified using an erbium-doped fibre amplifier to give peak pulse power of 6.3 W. The waveguide mode was monitored using the IR camera to ensure waveguiding. The output of the gate was filtered using a monochromator (set a 1 nm resolution) in order to remove amplified spontanteous emission from the signal.
The signal from the three contact laser diode was chopped before the amplifier and was detected using a photodiode and lock-in amplifier at the output of the monochromator. The incident polarisation was set to 22.5" from TE and the output polarisation linearised at low power using the quarter waveplate with the high extinction ratio polariser which could be set to either block or pass the light. The gate transmission was measured as a function of coupled pulse power up to 630 mW.
The normalised gate transmission is shown in Fig. 2 . Increasing the incident pulse energy causes bandfilling due to photogenerated carriers resulting in a nonlinear refractive index, which has POlarisation asymmetry at 1532 nm. This nonlinear birefringence causes polarisation rotation to occur and hence the gate transmission increases. Switching occurs for a coupled power of 350 mW, a pulse energy of 10.5 pJ. In conclusion all-optical switching in an InGaAsP MQW device can be achieved using powers that can be readily obtained using current diode lasers. Such a device therefore has great potential in all optical switching for telecommunications applications.
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Soliton switching using cascaded nonlinear optical loop mirrors
Ultrafast soliton switching using the nonlinear optical loop mirror (NOLM) has been demonstrated both theoretically and experimentally.',2 In addition, it has been shown that device cascading leads to an overall sharpening of the switching characteristic.s5 To date, however, the effects of cascading NOLMs operating in the soliton regime have not been considered. For the first time, we experimentally demonstrate a NOLM with a multiple peaked switching characteristic and, by feeding the switched signal back through the device in a double-pass configuration, use the first two response maxima to generate an enhanced switching response. We verify that solitons switched through the cascade maintain their temporal and spectral integrity. Since the construction of all-optical switching systems requires sequences of simple devices combined to produce higher level functionality, our results further demonstrate that the NOLM is a suitable building block for more complex soliton based switching scheme. Figure 1 shows a schematic diagram of the experiment. The NOLM was constructed using a 60/40 fused fibre coupler with a 4.3 k m length of standard fibre. The two-device sequence was simulated by feeding the first-pass transmitted signal back through the loop using an 86% reflector. A polarising beam splitter was used at the output of the configuration to isolate the single-pass reflected signal, p,, from the double-pass transmitted signal, P,,, which was oriented orthogonally using PC1. Figure 2 (a) shows the single pass switching response to a train of 7 ps bandwidth limited pulses generated by a tunable, synchronously pumped, modelocked colour centre laser operating around 1550 nm. The results show, for the first time, a NOLM passing through three switching maxima. The length of the NOLM is such that the first switching peak coincides with the launch of ap- proximately N = 1 solitons into each arm of the NOLM. Moreover, the use of relatively long switching pulses reduces the effects of the soliton self-frequency shift in the arms of the NOLM, which, until now, has caused the device to fail at higher input powers.' Figure 2(b) shows the double-pass response, demonstrating enhancement of the single-pass response via steepening of the switching edges and improved input pulse power discrimination.
Figure 3(a) shows an autocorrelation of the pulse transmitted on the second peak together with its sech' fit, and Fig.  3(b) the associated pulse spectrum. Most notable is the extremely close resemblance in shape and duration of the transmitted pulse to the input pulse, showing a near perfect sech' intensity profile. In addition, the spectral characteristics of the pulse are maintained, indicating the robustness of solitons to NOLM cascades and the suitability of the emerging pulse to further optical processing.
We have demonstrated whole-pulse soliton switching in a cascasde of two NOLMs. A detailed spectral and temporal characterisation of both the singlepass and double-pass configurations will be given together with results from numerical simulations. Multiple-pass device responses and the effects of inter-loop loss and gain will also be presented. 
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Soliton self-frequency shift for pulses with a duration less than the period of molecular oscillations J. Herrmann, A. Nazarkin Max-Born-
Institute for Nonlinear Optics and Ultrafast Spectroscopy, Rodower Chaussee 6, D 12489 Berlin, Germany
Since the observation of the soliton selffrequency shifty it has been known that the Raman effect has a profound impact on soliton propagation for solitons with durations less than a picosecond. According to the theory developed by Gordon: under the condition that the soliton duration T~ is much longer than the period of molecular oscillations T, = 2nR;' a soliton experiences a self-frequency shift, In order to investigate the effect of SRS on soliton evolution, we describe the SRS contribution to the polarization of a Kerr medium by a Raman-active twolevel quantum oscillator. The effective Raman frequency 0, and the linewidth r, of the oscillator is chosen so that the Raman response approximates the real one in silica glass. In the framework of the perturbation theory for soliton propagation we derive a general expression for the soliton self-frequency shift, which is valid as well for short pulses ( T~ < T,) as for long pulses ( T~ >> TR).
We show that in the case of long soliton durations, T~ >> Tro the Raman response follows quasistationary the pulse intensity and may be expanded in a series with a small parameter. The first nonvanishing term of the expansion contributing to the self-frequency shift is proportional to the linewidth r R and contains the time derivative of the soliton intensity. The attention is focused on the regime of SRS in which the pulse duration the condition T~ < TK is fulfilled. It is shown that contrary to the long-pulse-SRS in this case the Raman response has a "phase memory" and depends on the value of the pulse intensity at all the preceding moments of time. The self-frequency shift of the ultrashort soliton has been calculated to be inversely proportional to the soliton duration, (dw/dz) -
7;'.
Since the process of SRS proceeds within the time interval shorter than both T, and ri', the expression for the frequency shift does not contain the parameters TR and rR and depends only on the Raman polarizability of the medium. We emphasize that the investigated effect is directly related with the phenomenon of impulsive excitation of coherent optical phonons5 and can play an important role in the transmission and amplification of femtosecond optical solitons.
